Experimental Section
Optically manipulatable microwave absorption materials: An optically clear gel material was prepared by crosslinking of phosphoric acid with polyvinyl alcohol. Initially, the polyvinyl alcohol (PVA) was dissolved in the water (heated at 80 °C) to prepare an aqueous polyvinyl alcohol solution. The phosphoric acid was then added into to the aqueous solution of polyvinyl alcohol of different proportions (10% by weight, 12.5% by weight, 15% by weight), followed by stirring for 1 hour at 80 °C. The mixture were then transferred into mold and cooled to room temperature to obtain electromagnetic active gels. According to different components (listed in Table 1 ), the prepared samples were named as 10% PVA (Sample 1), 12.5% PVA (Sample 2), 15% PVA (Sample 3), 10% PVA-5% H 3 PO 4 (Sample 4), 10% PVA-12% H 3 PO 4 (Sample 5), depending on the different qualities of phosphoric acid used (0% wt, 5% wt, 12% wt).
Manipulatable microwave stealth structures: There were two types of smart microwave stealth windows, i.e. single layer sandwich structure and double layer sandwich structure. For designing the multilayer structures, all the material parameters were input into the CST software, followed by sweeping the parameters for obtaining the optimized parameters. In the selection of the active PVA gels, sample 5 (10% PVA-12% H 3 PO 4 ) was selected. According to the design of the single sandwich structure, there are four stacked parts. From the top to the bottom, they are PMMA cover (thickness: 2 mm), active PVA gel (thickness: h=4 mm), PMMA bottom (thickness: 2 mm) and ITO reflection substrate (thicker ITO layer preferred).
In the design of the double layer sandwich structure, there six stacked parts. From the top to the bottom, they are PMMA cover (thickness: 2 mm), the 1 st active PVA gel (thickness: H=4 mm), PET interlayer (thickness: 0.5 mm), the 2 nd active PVA gel (thickness 3 mm), PMMA bottom (thickness: 2 mm) and ITO reflection substrate (thickness: 0.5 mm).
Material characterizations:
In the measurement of the viscosity, the digital viscometer (Ni Run DV-2+PRO) was used. The optical properties of the gels were obtained on an ultravioletvisible spectrophotometer. 
Measurement of complex permittivity:
where Z in is the normalized input impedance, c the light velocity, f the frequency, ε r the complex permittivity, and μ r the complex permeability.
Arch method for experimental measurement of microwave absorption performance: In the measurement of practical absorption performance, the fabricated multilayer windows (with planar size of 180 × 180 mm 2 ) were placed on the metal plate of arch setup. The transmit and receive antennas were connected by a vector network analyzer (Aglient Technology NS5255A). 
Figure S1. Complex permittivity of various gel samples with different PVA contents: (a) S1 (0% PVA), (b) S2 (10% PVA), (c) S3 (12.5% PVA), (d) S4 (15% PVA).

Figure S8
The complex permittivity of the pristine PVA 
